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OXYBUTYNIN THERAPY 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the benefits of provisional application U.S. 
Serial No. 60/079,429, filed March 26, 1998 under 35 U.S.C. §1 19(e). 

FIELD OF THE INVENTION 

This invention pertains to a novel dosage form comprising oxybutynin. 
The invention relates also to a therapeutic composition comprising 
oxybutynin, to a therapeutic bilayer comprising oxybutynin, and to a method 
for administering oxybutynin to a patient in need of oxybutynin. 

BACKGROUND OF THE INVENTION 

Many people are affected by urinary incontinence. Incontinence is 
particularly common in the elderly; urinary incontinence is present in 
approximately fifty percent of nursing home patients, and urinary incontinence 
is a well known urologic problem in women. It will affect nearly all women in 
some form during their lifetime, and it is of significant social concern to all 
humans who experience it. 

Urinary incontinence arises from the anatomy and the physiology of 
the urinary tract, which is composed of a bladder and a sphincter. 
Anatomically, the bladder consists of the bladder musculature, also known as 
detrusor, and the trigone. The sphincter includes the bladder neck and the 
proximal urethra. The detrusor muscle is innervated by the pelvic nerve 
through the parasympathetic nervous system, and the bladder neck and 
proximal urethra are innervated by the sympathetic nervous system. 
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The major functions of the bladder are the storage and expuls,on of 

2 urine Thebladder is responsible for accommodating increasing volumes of 

, urine a. low pressures. Normally, the bladder remains dosed during bladder 

4 fining and continence is maintained as long as the bladder neck and urethral 

. pressure exceeds intravesical pressure. Voluntary voiding occurs when 

. intravesical pressure exceeds bladder neck and urethral pressure, and 

7 involuntary voiding occurs when the intravesical pressure exceeds the 

s bladder neck and urethral pressure. 

involuntary incontinence, also known as urge incontinence, occurs wrth 

„ a loss of a large volume of urine accompanied by symptoms of urgency 

„ frequency and nocturia caused by an unstable bladder or detrusor Mrttty. 

„ The patient may lose urine with a change in position or with audtory 

„ stimulation. The loss of small volumes of urine usually occurs because of 

14 bladder overdistention by a large amount of residual urine referred to as 

15 overflow incontinence. 
The management of incontinence consists in administering a smooth 

muscle relaxant, such as oxybutynin, which acts directly on the smooth 
muscle at the site distal to the cholinergic receptor. The usual dose ,n the 
„ pharmacologic management is repeated doses from two-to-four times a day 
» for oxybutynin. This is difTicuK to achieve as i, requires rigid commence and 
„ is cos. ineffective. Also, oxybutynin is adverse* affected by light and ,t needs 
protection from air, which properties do not lend the drug to formulation ,nto a 
dosage form that can administer oxybutynin a. a controlled and known rate 
per unit time to produce the intended therapy. 

in light of the above presentation it will be appreciated by those versed 
in the medica. and pharmaceutical dispensing arts to which this invention 
pertains ma. a pressing need exists for a dosage form and for a therapeu.,c 
composition that can deliver the valuable drug oxybutynin in a controlled, 
extended dose to a patient in clinical need of incontinence management. The 
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1 pressing need exists for an oral dosage form, for a therapeutic composition 

2 and for a method of therapy that can deliver oxybutynin at a controlled rate in 

3 a substantially constant dose per unit time for its beneficial therapeutic effect. 

4 The need exists further for a dosage form and a therapeutic composition that 

5 can deliver oxybutynin protected from light to insure that a complete dose of 

6 oxybutynin is administered to the patient and still remains substantially 

7 independent of the changing environment of the gastrointestinal tract. The 
s need exists additionally for a dosage form comprising the therapeutic 

9 composition that can deliver a therapeutic dose of oxybutynin for its intended 

10 effect, for avoiding an overdose, and for lessening the side effects that can 

11 accompany the drug. It will be appreciated further by those skilled in the 

12 dispensing art that if such a novel and unique dosage form, therapeutic 

13 composition and method are made available that can administer oxybutynin in 

14 a beneficial dose over time and simultaneously provide oxybutynin while 

is lessening the incidence of both over and under dose, the dosage form, the 

16 therapeutic composition, and their accompanying methods would represent 

17 an advancement and a valuable contribution to the medical arts. 

18 

19 OBJECTS OF THE INVENTION 

20 

21 Accordingly, in view of the above presentation it is an immediate object 

22 of this invention to provide a dosage form for delivering oxybutynin in a rate- 

23 controlled dose, and which dosage form substantially overcomes the 

24 deficiencies and omissions associated with the prior art. 

25 Another object of the present invention is to provide a dosage form for 

26 orally administering oxybutynin in a controlled dose for the nonsurgical 

27 treatment of incontinence in a human afflicted with incontinence. 
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Another object of the invention is to provide a pharmacologic 
composition comprising oxybutynin indicated for the pharmacologic 
3 management of incontinence. 

Another object of the present invention is to provide a pharmacologic 
composition comprising oxybutynin, its racemate, its R-enantiomer and its S- 
enantiomer, administrable to a human, for lessening the incidence of 
incontinence. 

Another object of the invention is to provide a dosage form comprising 
a homogenous drug core for dispensing oxybutynin to a human patient. 

Another object of this invention is to provide a novel composition that 
makes available oxybutynin therapeutic activity to a patient in need of 

12 oxybutynin therapy. 

13 Another object of the invention is to provide a once-a-day oral 
sustained release dosage form that delivers a member selected from the 
group consisting of oxybutynin and its pharmaceutical^ acceptable salt at a 

controlled rate over 24 hours. 

Another object of the invention is to provide a dosage form 
manufactured as an osmotic dosage form that can administer oxybutynin to a 
biological receptor to produce the desired oxybutynin effects. 

Another object of the present invention is to provide a dosage form 
manufactured as an osmotic dosage form that maintains oxybutynin and 
oxybutynin therapeutically acceptable salts in the dosage form, and thereby 
provides protection from light until the oxybutynin is released from the dosage 
form, thereby reducing and/or eliminating the unwanted influences of the 
gastrointestinal environment of use and still provide controlled administration 

26 of oxybutynin over time. 

27 Another objective of the invention is to provide a sustained release 
dosage form that administers oxybutynin at a sustained release rate 
accompanied by a lessening of adverse reaction dry mouth. • 
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Another object of the present invention is to provide a dosage form that 
, administers oxybu*nin at a controlled rate over time for its therapeutic benefit 
3 accompanied by a lessening of possible unwanted side effects. 

Another object of the present invention is to provide a dosage form that 
. contains initially aystalline oxybutynin salt protected by a light resistant, 
. semipermeable polymeric wall which oxybutynin can be administered m a 

7 controlled dose over time. 

Another object of the present invention is to provide a dosage form 
adapted for the oral administrate™ of a-cyclohexyl-a-h y droxy-benzeneacet,c 
,„ acid 4-<diethvlamino)-2-butynyl ester salt in a first composition in contact^, 
„ iayered arrangement with a second, force-generating composition that 
operates in combination for the administration of the beneficial ester salt. 

Another objective of the invention is to provide a delivery system for a 
„ member selected from the group consisting of oxybutynin and its 
„. pharmaceutic* acceptable salt that achieves an Jncsasejntt^bi^l- 
„ ability of the drug, reduces the formation of its active metabolites, and 
„ a^ve771ia7d"rug and metabolite concentration profile as compared to an 

immediate release dosage administered multiple times a day. 

Another object of the present invention is to provide a complete 

, pharmaceutical oxybutynin regimen comprising a composition compnsmg 
» oxybutynin that can be dispensed from a drug delivery dosage form, the use 

22 of which requires intervention only for initiation and possibly for terminate of 

23 the regimen. 
Another object of the invention is to provide a method for treating 

incontinence by orally administering oxybutynin from a delivery device 

rate-controlled amount per unit time to a warm-blooded animal in need of 

27 incontinence therapy. 

Another object of the invention is to provide a method for lessen.ng the 
29 side-effects accompanying the administration of a member selected from the 
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group consisting of oxybutynin and its pharmaceutic* acceptable salts , by 
administering the drug from a sustained-release dosage form over twenty-four 

hOUrS ' Another object of the invention is to provide a method of administering 
oxybutynin to a patient to provide a plasma concentration of oxybutynin 

Another object of the invention is to provide a method for admimstenng 
oxybutynin from a controlled-reiease dosage form for lessening the incidence 

of side effects. 

Another object of the invention is to decrease dry-mouth in a patient 
accompanying the administration of a drug selected from the group consisting 
of oxybutynin and its pharmaceutic* acceptable satts in a sustained-release 
dose over twenty four hours. 

Another object of the invention is to provide a method of adm.n.stenng 
oxybutynin in a sustained-release profile to lessen side effects. 

Other objects, features and advantages of this invention w,ll be more 
apparent to those versed in the delivery arts from the following detailed 
specification, taken in conjunction with the accompanying cla,ms. 

ppawiNn FIGUPF° " c ™<= INVENTION 

Figures 1 to 6 illustrate the clinical benefits for delivering a member 
selected from the group consisting of oxybutynin and its pharmaceutical* 
acceptable salts, according to the invention. 

n^n En niRCLmi IPF " c gPPniFlRATION 

In one aspect, the present invention provides a therapeutic 
composition comprising 240 ng to 650 mg (nanogram to milligrams) of 
oxybutynin or an oxybutynin therapeutic* acceptable salt. The oxybutyn,n 
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, se.ec.ed from .he group consisting of oxybutynin and its pharmaceu.,cally 
, acceptable salts can be present in a dosage form in. for example, 5 mg, 10 
mg 15 mg, 20 mg, 25 mg, and 30 mg doses and the like. The 
oharmaceutically acceptable salt is selected from the group consisting of 
acetate, bi.ar.rate, Crate, edetate, edisylate, es.olate, esylate, fumarafe, 
. g,uce P .ate, gluconate, giutamate, hydrobromide, hydrochloride, laCa e 
, maiate. maleata; mandelate, mesylate, methylnitrate, mucate, napsylate 
nitrate, pamoate, pantothenate, phosphate, salicylate, stearate. succnate, 
sulfate, .annate and tartrate. The drug oxybutynin can be present as the 
rac ema,e. as the R^nantiomer or as the S-enant,ome, The therapeutic 
„ composition further contains 20 mg to 250 mg of a hydrogei, such as 20 mg 
„ to 250 mg of a polyalkylene oxide of 75,000 to 600,000 weight-average 
„ molecularweight. Representative po^alkylenes are a poiyethyiene ox,de of 
, 4 100 000 weight-average molecular weight or a poiyethyiene ox,de of 200,000 
,. weight-average molecular weight. The therapeutic composition compnses 
, 6 mgl 50 mg o, a hydroxypropylalkyl-cellulose o,9,000 to 150.000 average- 
„ number molecular weigh, selected from the group cons,st,ng of 
,s hydroxypropylmethylcellulose, hydroxypropylethyl-cellulose, 

h drorpropy.bu^.ce„u,ose, and hydroxypropylpentylcellulose; 1 mg o 40 mg 
. of an osmo.,c solute selected from the osmotically effective — ds 
* consisting of sodium chloride, potassium chloride, potassium acd phosphate, 
tartaric acid, citric acid, rafflnose, magnesium sulfate, magnes,um chlonde, 
urea, inositol, sucrose, glucose and sorbM and 0.01 mg to 5 mg of a 
lubricant, such as calcium stearate, zinc stearate, magnesium stearate, 
magnesium oleate. calcium palmitate, sodium suberate, potassium laureate, 
salts of fatty acids, salts o, alicyclic acids, saKs of aromatic acids, staanc aco, 
oleic acid, pain* acid, and a mixture o, sal. of fatty, alley* or aroma.,c acd 
and a fatty, alicyclic or aromatic acid. 
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The invention provides for the therapeutic composition comprising the 
oxybutynin to be administered as the composition neat, that is, oxybutynin 
alone, for increasing the urinary bladder capacity, for diminishing the 
frequency of uninhibited contractions of the detrusor muscles and its 
accompanying delay of the desire to void. The invention provides for the 
therapeutic oxybutynin composition to be surrounded by a wall comprising a 
semipermeable composition with an exit for delivering the therapeutic 
composition to a human patient in need of oxybutynin therapy. The invention 
provides, in an additional embodiment, the therapeutic composition 
comprising oxybutynin as a therapeutic layer in layered, contacting 
arrangement with a hydrogel layer that supports the therapeutic layer to yield 
a bilayered matrix. The hydrogel layer comprises 40 mg to 250 mg of a 
hydrogel, such as a member selected from the group consisting of 40 mg to 
250 mg of a polyalkylene oxide of 1,000,000 to 8,000,000 weight-average 
molecular weight which are selected from the group consisting of 
polyethylene oxide and polypropylene oxide; or 40 mg to 250 mg of an alkali 
carboxymethylcellulose of 10,000 to 6,000,000 weight-average molecular 
weight such as sodium carboxymethylcellulose or potassium carboxy- 
methylcellulose; or 0.1 mg to 250 mg of a hydroxyalkylcellulose of 7,500 to 
4,500,000 weight-average molecular weight, represented by 
hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, 
hydroxybutylcellulose, and hydroxypentylcellulose; 1 mg to 50 mg of an 
osmagent selected from the group consisting of sodium chloride, potassium 
chloride, potassium acid phosphate, tartaric acid, citric acid, raffinose, 
magnesium sulfate, magnesium chloride, urea, inositol, sucrose, glucose and 
sorbitol; 0 to 5 mg of a colorant, such as ferric oxide; 0.1 mg to 30 mg of a 
hydroxypropylalkylcellulose of 9,000 to 225,000 average-number molecular 
weight, selected from the group consisting of hydroxypropylethylcellulose, 
hydroxypropylpentylcellulose, hydroxypropylmethylcellulose, and 
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hydroxypropylbutylcellulose; 0.00 to 1.5 mg of an antioxidant selected from 
the group consisting of ascorbic acid, butylated hydroxyanisole, 
butylatedhydroxyquinone, butylhydroxyanisol, hydroxycomarin, butylated 
hydroxytoluene, cephalm, ethyl gallate, propyl gallate, octyl gallate, lauryl 
gallate, propylhydroxybenzoate, trihydroxybutylrophenone, dimethylphenol, 
diterlbutylphenol, vitamin E, lecithin and ethanolamine; and 0.1 mg to 7 mg of 
a lubricant selected from the group consisting of calcium stearate, 
magnesium stearate, zinc stearate, magnesium oleate, calcium palmitate, 
sodium suberate, potassium laureate, salts of fatty acids, salts of alicyclic 
acids, salts of aromatic acids, stearic acid, oleic acid, palmitic acid, a mixture 
of a salt of a fatty, alicyclic or aromatic acid, and a fatty, alicyclic or aromatic 
acid. 

The invention provides for the therapeutic oxybutynin composition, the 
therapeutic bilayer comprising the drug oxybutynin layer, and the 
osmopolymer hydrogel layer to be administered as the composition or the 
bilayer per se; that is, as the composition or the bilayer together for increasing 
the urinary bladder capacity, for diminishing the frequency of uninhibited 
contractions of the detrusor muscles and its accompanying delay of the desire 
to void. The invention provides additionally for the therapeutic composition 
and for the compositional bilayer to be surrounded by a wall comprising a 
semipermeable composition with an exit for delivering the therapeutic 
composition to a human patient in need of oxybutynin therapy. The invention 
also provides for a subcoat to surround the therapeutic composition or to 
surround the bilayer, which subcoat in either embodiment is surrounded by a 
outer semipermeable wall. 

The invention provides a dosage form for the delivery of the 
therapeutic composition comprising oxybutynin. The dosage form comprises 
a wall, which wall surrounds an internal lumen or compartment. The wall 
comprises a semipermeable composition that is permeable to the passage of 
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fluid and impermeable to the passage of oxybutynin. The wall is nontoxic and 
it comprises a polymer selected from the group consisting of a cellulose 
acylate, cellulose diacylate, cellulose triacylate, cellulose acetate, cellulose 
diacetate and cellulose triacetate. The wall comprises 75 wt% (weight 
percent) to 100 wt% of the cellulosic wall-forming polymer; or, the wall can 
comprise additionally 0.01 wt% to 10 wt% of polyethylene glycol, or 1 wt% to 
25 wt% of a cellulose, either selected from the group consisting of 
hydroxypropylcellulose or hydroxypropylalkylcellulose such as hydroxypropyl- 
methylcellulose. The total weight percent of all components comprising the 
wall is equal to 100 wt%. The internal compartment comprises the 
therapeutic oxybutynin composition in layered position with an expandable 
hydrogel composition. The expandable hydrogel composition in the 
compartment increases in dimension by imbibing fluid through the 
semipermeable wall, causing the hydrogel to imbibe the fluid, expand and 
occupy space in the compartment, whereby the drug composition is pushed 
from the dosage form. The therapeutic layer and the expandable layer act 
together during the operation of the dosage form for the release of oxybutynin 
to a patient over time. The dosage form comprises a passageway in the wall 
that connects the exterior of the dosage form with the internal compartment. 
The dosage form provided by the invention delivers oxybutynin from the 
dosage form to the patient at a zero order rate of release over a period of 24 



22 hours. 

The expression "passageway" as used herein comprises means and 
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methods suitable for the metered release of the therapeutic drug from the 
compartment of the dosage form. The exit means comprises at least one 
passageway, including orifice, bore, aperture, pore, porous element, hollow 
fiber, capillary tube, porous overlay, or porous element that provides for the 
osmotic controlled release of oxybutynin. The passageway includes a 
material that erodes or is leached from the wall in a fluid environment of use 
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1 to produce at least one dimensioned passageway. Representative matenals 
, suitable for forming a passageway, or a multiplicity of passageways compnse 

3 a teachable poly(glycolic) acid or poly(lactic) acid polymer in the wall, a 

4 gelatinous filament, polyvinyl alcohol), teachable polysaccharides, salts and 
« oxides. A pore passageway, or more than one pore passageway, can be 

6 formed by leaching a leachab.e compound, such as sorbitol, from the wall. 
t The passageway possesses controlled-release dimensions, such as round, 
triangular, square and elliptical, for the metered release of oxybutynin from 
the dosage form. The dosage form can be constructed with one or more 
passageways in spaced apart relationship on a single surface or on more 
than one surface of the wall. The expression "fluid environment" denotes an 
aqueous or biological fluid as in a human patient, including the 
gastrointestinal tract: Passageways and equipment for forming passageways 
are disclosed in U.S. Patent Nos. 3,845,770; 3,916,899; 4,063,064; 4,088,864 
and 4,816,263. Passageways formed by leaching are disclosed in U.S. 
Patent Nos. 4,200,098 and 4,285,987. 



8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 



n Fg r.p.PT.ON FOR MANU FACTUT^^ 

amp nOSAGE F*PH ™ THF INVENTION 



The wall of the dosage form can be formed by using the air suspension 
procedure. This procedure consists in suspending and tumbling the 
composition or the layers in a current of air and wall-forming composition untd 
a wall is applied to the oxybutynin forming compartment. The air suspense 
procedure is well suited for independently forming the wall. The air 
suspension procedure is described in U.S. Patent No. 2,799,241; J^TIL 

27 Phaim^Assoa, Vol. 48, pp. 451-459 (1959); and ibid. Vol. 49, pp. 82-84 

28 (1960) The wall can be formed with a wall-forming composition in a Wurster 
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air suspension coater using an organic solvent, such as acetone-water 
cosolvent 90:10 (wt:wt) with 2.5 wt% to 7 wt% polymer solids. An 
Aeromatic® air suspension coater using, for example, a methylene dichloride 
methanol cosolvent comprising 87:13 (v:v) can be used for applying the wall. 
Other wall-forming techniques, such as pan coating, can be used for 
providing the dosage form. In the pan coating system, wall forming 
compositions are deposited by successive spraying of the composition or the 
bilayered arrangement, accompanied by tumbling in a rotating pan. A larger 
volume of cosolvent can be used to reduce the concentration of polymer 
solids to produce a thinner wall. Finally, the wall of the coated compartments 
are laser or mechanically drilled, and then dried in a forced air or humidity 
oven for 1 to 3 days or longer to free the solvent. Generally, the walls formed 
by these techniques have a thickness of 2 to 20 mils (0.051 to 0.510 mm) with 
a preferred thickness of 2 to 6 mils (0.051 to 0.150 mm). 

The dosage form of the invention is manufactured by standard 
manufacturing techniques. For example, in one manufacture the beneficial 
drug oxybutynin and other ingredients comprising a therapeutic composition 
or comprising the first layer facing the exit means are blended, or they are 
blended then pressed, into a solid layer. The oxybutynin and other 
ingredients can be blended with a solvent and formed into a solid or semisolid 
formed by conventional methods such as ball-milling, calendering, stirring or 
roll-milling and then pressed into a selected shape. The layer possess 
dimensions that correspond to the internal dimensions of the area the layer is 
to occupy in the dosage form. The bilayer possess dimensions 
corresponding to the internal lumen of the dosage form. Next, the oxybutynin 
hydrogel layer is placed in contact with the oxybutynin drug layer. The 
layering of the oxybutynin layer and the hydrogel layer can be fabricated by 
. conventional press-layering techniques. Finally, the two-layer compartment 
forming members are surrounded and coated with an outer wall. A 
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, passageway is laser drilled or mechanically drilled through the wall to contact 

2 the oxybutynin layer, with the dosage form optically oriented automatically by 

3 the laser equipment for forming the passageway on the preselected drug 
surface. 

In another manufacture, the dosage form is manufactured by the wet 
granulation technique. In the wet granulation technique the oxybutynin and 
the ingredients comprising the first layer are blended using an organic or 
inorganic solvent, such as isopropyl alcohol-methylene dichloride 80:20 (v:v) 
as the granulation fluid. Other granulating fluid, such as water, isopropyl 
alcohol or denatured alcohol 100% can be used for this purpose. The 
ingredients forming the first layer are individually passed through a 40 mesh 
screen and then thoroughly blended in a mixer. Next, other ingredients 
comprising the first layer are dissolved in a portion of the granulation flu* 
such as the cosolvent described above. Then, the latter prepared wet blend 
is slowly added to the oxybutynin blend with continual mixing in the blender. 
The granulating fluid is added until a wet blend mass is produced, which wet 
mass is then forced through a 20 mesh screen onto oven trays. The blend .s 
dried for 18 to 24 hours at 25°C to 40°C. The dry granules are then screened 
with a 16 mesh screen. Next, a lubricant is passed through an 60 mesh 
screen and added to the dry screened granule blend. The granulation is put 
into milling jars and mixed on a jar mill for 2 to 10 minutes. The first and 
second layer compositions are pressed into a layered tablet, for example, ,n a 

23 Manesty® layer press. 

Another manufacturing process that can be used for providing the 

oxybutynin and hydrogel composition comprises blending their powdered 
ingredients in a fluid bed granulator. After the powdered ingredients are dry 
blended in the granulator, a granulating fluid, for example, 
polyvinylpyrrolidone) in a solvent, such as in water, is sprayed onto the 
respective powders. The coated powders are then dried in a granulator. Th.s 
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1 process coats the ingredients present therein while spraying the granulating 

2 fluid. After the granules are dried, a lubricant, such as stearic acid or 

3 magnesium stearate, is blended as above into the mixture. The granules are 

4 then pressed in the manner described above. In another embodiment, when 
s the fluid bed granulating process is used to manufacture the hydrogel layer, 

e the antioxidant present in the polyalkylene oxide can be removed during the 

7 processing step. If antioxidant is desired it can be added to the hydrogel 

8 formulation; this can be accomplished during the fluid bed granulation 
□ 9 described above. 

10 The dosage form of this invention is manufactured in another 

11 embodiment by mixing the oxybutynin with composition-forming ingredients 

12 and pressing the composition into a solid layer possessing dimensions that 

13 correspond to the internal dimensions of the compartment space adjacent to 

14 a passageway. In another embodiment, the oxybutynin and other drug 
is composition forming ingredients and a solvent are mixed into a solid, or semi- 

16 solid, by conventional methods such as ball-milling, calendering, stirring or 

17 roll-milling, and then pressed into a preselected, layer-forming shape, 
is In the manufactures as presented above, the manufacture comprising 

19 a composition or comprising a layer of a composition comprising a hydrogel 

20 osmopolymer and an optional osmagent are placed in contact with the layer 

21 comprising the drug oxybutynin, and the two layers comprising the layers are 

22 surrounded with a semipermeable wall. The layering of the first drug 

23 oxybutynin composition and the second hydrogel osmopolymer and optional 

24 osmagent composition can be accomplished by using a conventional two- 

25 layer tablet press technique. The wall can be applied by molding, spraying or 

26 dipping the pressed shapes into wall-forming materials. Another technique 

27 that can be used for applying the wall is the air suspension coating procedure. 

28 This procedure consists in suspending and tumbling the two layers in a 

29 current of air until the wall forming composition surrounds the layers. 



ARC 2863 R1 

15 



10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 



Manufacturing procedures are described in ^^mB^SnM^. 
Vol 46 PP- 62-70 (196S); and in P^^Mo^. * ~ 
i a PP. 1626-^648 (1 970), published by MacK Publishing Co Eastoa 

Patent Nos. 4,327.726-. 4. 61 2.008; 4.783.337; 4,863,456; an 4*2.614. 

Exemplar solvents suitable for manufacturing the wall, the 
^position ayers and the dosage form include inert inorganic and 
Tolnts that do not adversely harm the. materials, the wall, the layer, the 
TmposHion and the drug wa, The soivents broadiy «ude — 
, Id from the group consisting of aqueous solvents, alcohols, ketones, 

antics heterocyclic soivents and mixtures thereof. Typical solven* 
^ acetone, diacetone alcohol, methanol, ethanol, isopropy, ^ 
b u,y, alcohoi, methyl acetate, ethy, acetate, isopropyl 
memy, isobuty, ketone, methyl propyl ketone, n-hexane. n-hep.a e. ethylene 

dichloride and methanol, and ethylene dichloride and methanol. 

RY T" f INVFNTION 

The following examples are merely iilustrative of the present inventfcn 
and they should no, be censored as limiting the scope ofthe ,nven.,on ,n 
II . as these examples and other eguWaients thereof wil, become 
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apparent to those versed in the art in the iigh. of the present disoiosure and 
the accompanying claims. 

FXAMPLE 1 

A therapeutic oxybutynin composition provided by the invention was 
prepared as follows: flrst, 1 03 grams of oxybutynin hydrochloride was 
dissolved in 1200 mi (milliliters) of anhydrous ethane,. Separateiy Z280 g 
poiyetnylene oxide of 200,000 weight-average moleouiar weight, 150 g o 
hydroxypropyimethyiceiiuiose of 9,200 average-number molecular weigh nd 
450 gTsodium chionde were dry blended in a conventiona, blender ,o 10 
minutes to yield a homogenous blend. Next, the oxybutynin ethano, solution 
1 added slowly to the blend, wKh the biender continuously blending until ail 
the ingredients were added to the three component dry blend, with the 
blending continued for another 8 to 10 minutes. The blended we, 
composition was passed through a 16 mesh screen and dned overnight a, a 
room temperature of 72°F (22.2"). Then, the dry granules wer< . passed 
through a 20 mesh screen, 18 g of magnesium stearate was added, and all 
, he ingredients blended again for 5 minutes. The fresh granules are ready for 
formulation into a therapeutic oxybutynin composition. The therapeutic 
composition comprises 3.4 wt% oxybutynin hydrochloride, 76 wt/o 
polyethylene oxide of 200,000 weight-average molecular weight, 5 wt /» of 
23 hydroxypropylmethylcellulose of 9,200 average-number molecular weigh,. 
I! L solm chloride, and 0.6 wt% magnesium stearate. The therapeutic 

25 composition can be administered as . he composition for its intended 

26 oxybutynin therapy. 
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EXAMPLE 2 

An osmopolymer hydrogel composition provided by the invention was 
prepared as follows: first 1274 g of pharmaceutical^ acceptable polyethylene 
oxide comprising a 7,500,000 weight-average molecular weight, 600 g of 
sodium chloride, and 20 g ferric oxide were separately screened through a 40 
mesh screen. Then, all the screened ingredients were mixed with 100 g of 
hydroxypropylmethylcellulose of 1 1 ,200 average-number molecular weight to 
produce a homogenous blend. Next, 300 ml of denatured anhydrous alcohol 
was added slowly to the blend with continuous mixing for 5 minutes. Then, 
1.6 g of butylated hydroxytoluene was added, followed by more blending, with 
5 g of magnesium stearate added with 5 minutes of blending, to yield a 
homogenous blend. The freshly prepared granulation is passed through a 20 
mesh screen and allowed to dry for 20 hours at 22.2°C. The final composition 
comprised 63.67 wt% polyethylene oxide of 7,500,000 weight-average 
molecular weight, 30 wt% sodium chloride, 1 wt% ferric oxide, 5 mg 
hydroxypropylmethylcellulose of 1 1 ,2000 average-number molecular weight, 
0.08 wt% butylated hydroxytoluene, and 0.25 mg magnesium stearate. 

EXAMPLE 3 

An osmopolymer hydrogel composition provided by the invention was 
prepared as follows: first 1274 g of pharmaceutical^ acceptable sodium 
carboxymethylcellulose comprising a 5,250,000 weight-average molecular 
weight, 600 g of sodium chloride, and 20 g ferric oxide were separately 
screened through a 40 mesh screen. Then, all the screened ingredients were 
mixed with 100 g of hydroxypropylmethylcellulose of 1 1 ,200 average-number 
molecular weight and 100 g of hydroxypropylcellulose of 30,000 average- 
number molecular weight to produce a homogenous blend. Next, 300 ml of 
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denatured anhydrous a,cohol was added slowfy to the blend wrfh congous 
mixing for 5 minutes. Then. 1 .6 g of butylated hydroxytoluene was added, 
followed by more Wending, with 5 g of magnesium stearate added w*h 5 
mi „u,es of biending, to yieid a homogenous blend. The freshly prepared 
"anu^on was passed through a 20 mesh screen and allowed to dry for 20 
hours a. 22.2-C. The M composition comprised 58.67 wt% the sod.um 
carboxymethylcellulose, 30 wt% sodium chloride. 1 wt% ferric , oxid^5 mg of 
nydroxypropylmethyiceilulose. 5 mg hydroxypropyiceliuiose. 
butylated hydroxytoluene. and 0.25 mg of magnesium stearate. 



EXAMPLE 4 



The therapeutic oxybutynin composttion and the osmopolymer 
hyd rogel composition were made into a biiayer table, as ™ 
of the oxybutynin composi«on as prepared in Example 1 was added to 
punch die set and tamped. Then. 98 mg of the hydroge, compos, hon as 
prepared in Example 2 was added and the two layers compressed under a 
lure head of 1.0 ton (1000 Kg, into a 11/32 inch (0,73 cm, d,ame er, 
contacting in«mate biiayered tablet. The example was recede d » h the 
hyd roge, composition as prepared in Example 3 to produce the tab,et 
21 comprising two layers. 
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FXAMPLE 5 



The bilayered tablet was manufactured into a sustained-release 
dosage form that provides a control.ed-re.ease of oxybutynin as ^ 
a semipermeable wall-forming composition was prepared compns.n 95 wt /o 
ce „u,o e acetate having a 39.8,0 acetyl content and 5 *% 
glyco . having a number-average molecular weight of 3350 by d.ssolv.ng the 



ARC 2863 R1 



19 



, ingredients in a cosolvent comprising acetone and water in 90:10 wtwt 
composition to make a 4% solid solution. The wall-forming compos.t.on was 
sprayed onto and around the bilayered cores as prepared in Examples 2 and 
3 to provide a 26 .4 mg semipermeable wall . 

Next, the semipermeable walled, bilayered tablet was laser drilled to 
provide a 20 mil (0.51 mm) orifice to contact the oxybutynin layer and the 
exterior of the dosage form. The residual solvent was removed by dry.ng for 
48 hours at 50°C and 50% relative humidity. Next, the dosage forms were 
dried further for 1 hour at 50°C to remove excess moisture. The dosage form 
provided by this manufacture provides 3.4 wt% oxybutynin hydrochloride, 76 
wt% polyethylene oxide of 200,000 weight-average molecular weight, 5 wt% 
hydroxypropylmethylcellulose of 9,200 average-number molecular weight, 0.6 
wt% magnesium stearate, and 15 wt% sodium chloride in the therapeut.c 
oxybutynin composition. The osmopolymer hydrogel push composrt.on 
comprises 63.67 wt% polyethylene oxide of 7,500,000 weight-average 
molecular weight, 30 wt% sodium chloride, 1 wt% ferric chloride, 5 wt% 
hydroxypropylmethylcellulose of 9,200 average-number molecular we.ght, 
0 08 wt% butylated hydroxytoluene, and 0.25 wt% magnesium stearate. The 
semipermeable wall comprises 95 wt% cellulose acetate comprising 39.8% 
acetyl content, and 5 wt% polyethylene glycol of 3350 number-average 
molecular weight. The dosage form comprises an exit passage of 20 m.ls 
(0.50 mm) and it has a mean release rate of 0.260 mg/hr for 23.8 hours. The 
semipermeable wall provides substantial protection from photo (light) 
degradation of the oxybutynin in the dosage form. 
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FXAMPLE 6 



A dosage form is prepared according to the above examples, 
29 comprising a drug layer consisting of 6.67 wt% oxybutynin hydrochloride, 
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87 83 w.% polyethylene oxide of 200,000 weight-average molecular weight 
8'X- 3 *"' 'V aueraae-number molecular 

5 00 wt%hydroxypropylmethylcellulose of 9,200 average 

weL and 0.50 w.% magnesium stearate; in layered contact w h a push 
IS el layer composing 58,5 wt% sodium carboxymethylce^e o 
8 000^00 weight-average macular weigh,, 30 wt% sodium ch, nd. .00 
wt% hydroxypropylmethylceiiulose of 9.200 •~*^j£T m 
weigh. 1 00 wt% ferric oxide, 5.00 w.% hydroxypropylceliuiose of 75,000 
2 ge-number molecuiar weigh, and 0.25 w.% magnesium s,ea,a, ^h 
Z e ed core is surrounded by a semipermeable wa„ compns,ng cellulose 
ale! and P o,ye.hy,ene glycol; and an ex* port trough ,he wall for 
delivering me oxybutynln at a controlled ra,e over thirty hours. 



ryAMPLE 7 



• The dosage form according to Example 6 wherein the po,ye,hylene 
oxide has a 300,000 weight-average molecular weight; the 
hvdroxypropylcellulose is a member selected from the group cons,s,,ng of 

0 Tc mprises 5 mg to 250 mg of oxybutynin pharmaceutic accep,able 



salt. 

EXAMP_LE_8 



A dosage form was prepared according to th. above examples 

comprising 5 mg oxybutynin, 111.00 mg polye,hy,ene ox,de o, 200 000 
Zf-averagemo^^ 

9 2 00 average-number molecular weigh,, 0.38 mg magnes.um s,eara«e. £06 
mg ;, sodium chioride, and 0,2 mg o, hutylated hydroxytoiuene; a hydrc^e, 
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push .ayer comprising 62.40 mg of polyethylene oxide of 7,000,000 weight- 
average molecular weight, 29.40 mg of sodium chloride, 4.90 mg 
hydroxypropylmethylcellulose of 9,200 average-number molecular we,ght. 
0 08 mg of butylated hydroxytoluene, 0.98 mg of red ferric oxide, and 0.24 mg 
of magnesium stearate; a wall comprising cellulose acetate consisting of a 
39 8% acetyl content and polyethylene glycol of 3350 number-average 
molecular weight in the percentage ratio of 95 wt% cellulose acetate to 5 w.% 
polyethylene glycol, and an exit passageway in the wall. 

FX AMPLE 9 

A dosage form was prepared according to the examples provided by 
this invention wherein the dosage form comprises: a drug oxybutynin layer 
comprising 5.3 wt% oxybutynin, 82.37 wt% polyethylene oxide of 200,000 
weight-average molecular weight, 2 wt% hydroxypropylmethyloellulose of 
9 200 average-number molecular weight, 0.25 wt% magnesium stearate, 10 
wt% sodium chloride, and 0.08 wt% butylated hydroxytoluene; a push 
hydrogel layer comprising 63.37 wt% polyethylene oxide of 2,000,000 weight- 
average molecular weight, 30 wt% sodium chloride, 5 wt% hydroxypropyl- 
methylcellulose of 9,200 average-number molecular weight, 0.08 wt% 
butylated hydroxytoluene, 1 wt% black ferric oxide and 0.25 wt% magnesium 
stearate; a wall comprising 99 wt% cellulose acetate comprising a 39.8% 
acetyl content and 1 wt% polyethylene glycol of 3350 number-average 
molecular weight; and an exit passageway through the wall for delivering the 
oxybutynin to a patient. 
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FXAMPLE 10 



An oxybutynin composition was prepared according to the above 
examples, wherein the composition comprises 10.6 wt% oxybutynin 
hydrochloride, 79.57 wt% polyethylene oxide of 200,000 weight-average 
molecular weight, 2 wt% hydroxypropylmethylcellulose of 9,200 average- 
number molecular weight, 0.25 wt% of magnesium stearate, 7.5 wt% of 
sodium chloride, and 0.08 wt% butylated hydroxytoluene. 



FXAMPLE 11 



An oxybutynin composition was prepared according to the above 
examples wherein the composition comprises 16 wt% oxybutynin 
hydrochloride, 76.67 wt% polyethylene oxide of 200,000 weight-average 
molecular weight, 2 wt% hydroxypropylmethylcellulose of 9,200 average- 
number molecular weight, 0.25 wt% magnesium stearate, 5 wt% sodium 
chloride and 0.08 wt% butylated hydroxytoluene. 



FXAMPLE 12 



A hydrogel composition was prepared according to the above 
examples wherein the composition comprises 58.75 wt% hydroxyethyl- 
cellulose of 1 ,300,000 molecular weight, 30 wt% sodium chloride, 1 0 wt% 
polyvinylpyrrolidone of 42,000 viscosity-average molecular weight, 1 wt% red 
ferric oxide, and 0.25 wt% magnesium stearate. 
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FX AMPLE 13 

A dosage form was prepared according to the present invention 
wherein the dosage form comprises: a drug iayer comprising 3.4 w.% 
oxyoutynin hydrochloride, 76 w.% polyethylene oxide of 200.000 werght- 
average molecular weight, 5 w.% hydroxypropylmethylcellulose of 9,200 
average-number molecular weight, 0.6 wt% magnesium stearate, 1 5 wt /. 
sodium chloride; a push hydroge, layer comprising 58.75 wt% hydroxyethyl- 
cellulose of 1,300,000 average-number molecular weight, 30 wt% sod.um 
chloride, 10 wt% polyvinylpyrrolidone of 42,000 viscosity-average molecular 
weight, 1 wt% red ferric oxide, and 0.25 wt% magnesium stearate; a wall 
comprising 95 w.% cellulose acetate comprising a 39.8% acetyl content, and 
5 wt% polyethylene glycol of 3350 number-average molecular we,gh«, an exrt 
orifice of 20 mil (0.50 mm); and a release rate of 0.292 mg per 1 hour for 16.9 
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EXAMPLE 14 

A dosage form was manufactured according to the present examples 
wherein the dosage form comprises: a drug oxyoutynin layer comprising 3.4 
wt% oxybutynin hydrochloride, 76 w.% polyethylene oxide of 200,000 we.ght- 
average molecular weight 5 w.% hydroxypropylmethylcellulose of 9,200 
average-number molecular weigh., 0.6 wt% of magnesium stearate, and 
w.% sodium chloride; a push hydrogel layer for pushing the dmg oxybutymn 
,ayer from the dosage form comprising 63.67 w.% polyethylene oxide of 
7 000 000 weight-average molecular weight, 30 wt% sodium chloride. 1 wt A 
red ferric oxide, 5 wt% hydroxypropylme.hy,cel.u,ose of 9,200 average- 
number molecular weigh., 0.08 w.% bunted hydroxytoluene, and 0.25 «t /o 
m agnesium stearate; a subcoat that surrounds the drug oxybutynin layer and 
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push hydroge, layer wherein the subcoa. comprises 95 w.% hydroxyethyl- 
llulose, a nonionio water soluble polymer of 90,000 average-numbe 
molecular weigh,; a - or overcoa. comprising 95 wt% cellulose ace ate 
possessing an ace«yi content of 39.8% and 5 wt% poiyethyiene giyco, of 3350 
Zber-average molecular weigh,; a 20 mi, ,0,0 mm, exit passageway; and 
an oxybutynin reiease ra,e of 0.295 mg per 1 hour over 19.9 hours. 

EXAMPLE 15 

A sustained-reiease dosage form manufactured as a ,ab,e« designed 
for ora, admiration comprising 240 ng to 650 mg of a member se,ec«ed 
from the group consisting of oxybutynin and its pharmaceuticaliy acceptab e 
2 was made according to the above exampie, which dosage form prov,de 
anient flat reiease proflle essentiaiiy-free o, peaKs-and .rough plasma 
o^ninlcentrations. The dosage form when administered resu»s ,n 
ielning in dry mouth over 24 hours, and the bioavaiiabiirty of oxybutyn.n ,n 
the lower gastrointestinal tract including the colon. 

wc ^nn OF PRA r-Tir..Nn THE INVaOiOri 

The Invention pertains additionally to the use of the therapeutic 
composition and the dosage form by providing a method for delivering 
oxybutynin orally to a warm-biooded animal, including a human pa,, e n « 
need of oxybutynin therapy. The method comprises administer^ ora„y he 
composmon to a patient for oxybutynin therapy. The method comprises; <A> 
admitting orally into the patient a dosage form comprise (B) a 
semipermeable wall that surrounds (C) a therapeutic composition compnsmg 
(A) oxybutynin. The dosage form imbibes fluid through the wa„ into the 
dosage form in response to the concentration gradient across ft. 
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semipermeable wall. The therapeutic composition in the dosage form 
develops osmotic energy that causes the therapeutic composition to be 
administered through the exit (D) from the dosage form over a prolonged 
period of time up to 24 hours to provide controlled and sustained oxybutynin 
therapy. The method of the invention comprises also: (A) admitting into the 
warm-blooded animal a dosage form comprising: (1) a wall surrounding a 
compartment, the wall comprising a semipermeable polymeric composition 
permeable to the passage of fluid and substantially impermeable to the 
passage of oxybutynin; (2) an oxybutynin drug layer in the compartment 
comprising oxybutynin; (3) a hydrogel push layer in the compartment 
comprising an osmotic formulation for imbibing and absorbing fluid for 
expanding in size for pushing the oxybutynin composition from the delivery 
device; and (4) at least one passageway in the wall for releasing the 
oxybutynin; (B) imbibing fluid through the semipermeable wall at a fluid- 
imbibing rate determined by the permeability of the semipermeable wall and 
the osmotic pressure across the semipermeable wall causing the push layer 
to expand; and (C) delivering the therapeutically active oxybutynin from the 
delivery device through the exit passageway to a warm-blooded animal over a 
prolonged period of time up to 24 hours. The oxybutynin is administered by 
the method of the invention in the therapeutic range that avoids a toxic dose 
and avoids an ineffective dose for antispasmodic therapy. The oxybutynin is 
administered to patients with uninhibited neurogenic and reflex neurogenic 
bladder for increased vesual capacity which diminishes the frequency of 
uninhibited contractions of the detrusor muscle and delays the desire to void. 
The dosage form is indicated for the relief of symptoms associated with 
voiding such as urgency, urge incontinence, frequency, nocturia and 
incontinence in patients in neurogenic bladder. 

The drug oxybutynin, identified as OXY, was administered in a clinical 
study to a number of patients. Oxybutynin is used for treating urinary- 
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incontinence. Patients administer oxybutynin often qui. or discontinue 
::ient,n, h e prior artdueto its anti-choiinergic side effects which appear 
,o be peak-concentration related. The present invention provides a 
sus tained-re,ease <SR) dosage form that provides a 
rate of oral administration of oxybutynin designed to prov.de a cont,nuous 
. piasma drug concentration and avoid peak and valiey concentrates. That 
* L controiled-extended reiease dosage form of this invention ma,n«a,ns a 
therapeutic plasma concentration free of an overdose and free of an 
ineffective underdose of oxybutynin. in a multiple dose, crossover study J 3 
healthy female volunteers of 41 to 68 years o, age receded erther 5 mg. of 
0Xy buU immediate reiease (,R> every 8 hours, or three 5 mg conned 
lase (CR) once a day, for four days. The patients blood was sampfcd on 
days 1 and 4 to <,uan«y oxybutynin and its desethyl-metabolrte (DESOXY) by 
liq u,d chromatography mass spectroscopy (LC/MS). The oxybutyn.n was 
„ absorbed rapidly following immediate-reloase (,R) dosing w,.h mean of 

12 n 9 ,ml. C^is,emaximumconcen.a«on a «erdosingin,he^ Jhe 
„ drug release kinetics for the controlled-release (CR) plasma concentrate 
I rose siowly, reaching a mean peak-concentration <W value o, 4^.7 ng/ml. 
. The metabolite DESOXY was formed rapidly following immediate reiease, 
and * formation parceled the slow absorption of oxybutynin fo«ow,ng 
controned release. The DESOXY had a shorter t,„ life compared to QXY. 
indicating presystemic metabolite formation assuming it to be true metabo te 
I Singl and multiple dose AUC vaiues were similar for both the controlled 
release and the immediate release suggesting time invariant 

25 pharmacokinetics. AUC denotes the area under the plasma concentrate 
Lie The day 4 OXY and DESOXY AUC and their ratios are presented ,n 

28 re ,a«ve amount of oxybutynin absorbed from the contrded release (CR) 

* 
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, dosage form compared to the immediate release (IR) dosage form, and Cmax 
2 denotes the maximum concentration. 
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IR 
CR 



- OXY(AUC) DbSOXY(AUC) U XY/DESOXY OXY 

(ng.h/mL) (ng.h/mL) Rat io (BA%) 

"81 483 0718 

109 304 0.41 153 



DESOXY 
(BA%) 

69 



The higher ratio of OXY-BA following CR compared to IR suggests 
,ower metabolic formation on first pass. This indicates CR could reach the 
colon within 3-5 hours post dosing. Presystemic cytochrome P450-mediated 
oxidation may occur in the upper part of the gastrointestinal tract; then, drug 
re .eased from CR in the colon escapes presystemic metabolism, which could 
explain the higher OXY/DESOXY ratio and increased OXY BA following CR. 

A further clinical study was performed that compared the results from a 
sustained-release dosage form of the invention with an immediate-release 
dosage form manufactured as a conventional capsule. The study was a 
double blind placebo controlled comparison in 82 female urge unnary 
incontinence patients. In the clinical study, 34 of the female patients were 
administered the sustained release dosage form of the invention, 32 female 
patients were administered the immediate release dosage form, and 16 were 
administered placebo. The dosing program for the sustained re.ease dosage 
form comprised of 5 mg/day for 2 weeks, then 1 0 mg/day for two weeks, and 
finally 1 5 mg/day for two weeks, administered once a day. The dos.ng 
program for the immediate release dosage form comprised of 5 mg/day for 2 
weeks, then 1 0 mg/day for two weeks, and finally 1 5 mg/day for two weeks, 
administered in divided doses three times a day. During the study decrease 
in urge urinary incontinence and anticho.inergic side effect observations were 
made for each dose level. 
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The mean plasma oxybutynin concentration was maintained flat dunng 
a 24 hour period for the sustained release dosage form administered once a 
day at steady state (after dosing for 4 days) the mean plasma oxybutyn,n 
concentration ranged from 3.2 to 5.5 ng/ml following a 15 mg dose. The 
plasma oxybutynin concentration following the immediate release 
administered three times a day showed peak-through fluctuation; a. steady 
state (after dosing for 4 days) me mean peak piasma concentration following 
5 mg three times a day was 12.4 ng/ml and the trough concentration was 1 .4 
ng/ml The concentrations at other dose levels are proportional to dose. • 
The clinical study evaluated the number of urge urinary incontinence at 
each week. The number of urge urinary incontinence episodes was 
documented by the patients in weekly study-diaries provided to them. The 
decrease in urge urinary incontinence episodes from baseline was evaiuated 
for the sustained release dosage form and the immediate release dosage 
form compared to the placebo and were also compared to each other. 
Efficacy (decrease in urge urinary incontinence) was seen at each dose level 
„ for both sustained release dosage form and immediate release dosage form. 
The dose vs. urge urinary incontinence relationship was analyzed by 
modeling The results of the modeling analysis shows a trend towards h,gher 
2o decrease in the urge urinary incontinence episodes for the sustained release 
* dosage form compared to immediate release dosage form. Accompanymg 
Figure 1 depicts the urge-urinary incontinence. U-UI, for patients administered 
oxybutynin by the sustained re,ease, SR dosage form tablet of the invention, 
by an immediate release. IR. dosage form and a placebo. The figure dep,cts 
the unexpected and striking decrease in urge-urinary incontinence ach,eved 
by the invention. Accompanying Figured, depicts the decrease in urge- 
urinary incontinence following administration of oxybutynin by the sustained 
release dosage form of the invention compared to the immediate release 
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The clinical study considered the anticholinergic side-effect, dry mouth 
in the patient; dry mouth was classified using a four scale category consisting 
of no-dry mouth, mild dry mouth, moderate dry mouth, and severe dry mouth. 
At each weekly clinic visit, patients completed the subjective assessment of 
anticholinergic effects questionnaire. In addition, the clinic staff telephoned 
patients at other times during the study to solicit information about 
anticholinergic effects and other adverse effects. Overall during the study, 
the side effect dry mouth was reported in fewer patients receiving the 
sustained release formulation (85% of patients) compared to immediate 
release formulation (100% of patients). The dose vs. probability of dry mouth 
relationship was also analyzed by modeling. This modeling analysis shows 
that the probability of dry mouth is higher for the immediate release dosage 
form Accompanying Figure 3 depicts the incidence of dry mouth following 
treatment by the sustained release, SR, dosage form, the immediate release. 
|R, dosage form, and a placebo. The drawing figure depicts the dose 
administered and the degree of dry mouth as none, mild, moderate, and 
17 severe. 

A therapeutic index was obtained for the clinical study by comb.n.ng 
the dose delivered versus the urge urinary incontinence relationship and the 
dose versus dry mouth relationship. Accompanying Figure 4 is a 
representation of the therapeutic index comparison between the sustained 
release, SR, dosage form and the immediate release dosage form, 
evidencing the decrease in urge-urinary incontinence episodes from the 
baseline and the probability of diy mouth. In the drawing figure, U-UI denotes 
urge-urinary incontinence, DM denotes dry mouth, SR denotes susta.ned 
release and IR denotes immediate release. The broad-double pointed arrow 
denotes the unexpected decrease in dry mouth achieved by the sustained 
release dosage form compared to the very small decrease in dry mouth seen 
in the narrow-double pointed arrow. 
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The therapeutic index is defined as the dose or concentration range 
within which optimum therapy with minimum toxicity i.e. successful therapy is 
achieved It can be evaluated as the relative position of the dose vs. efficacy 
(urge urinary incontinence in this case) and dose vs. toxicity (dry mouth in this 
case) curve. It is also recognized that a drug with wider therapeutic index » 
better than a drug with a narrow index. 

The results of the clinical study are presented in Figures 1 to 4 and 
summarized hereafter. Figure 1 shows the urge urinary incontinence in 
logarithmic scale for all treatments - the line with the star represents a 
placebo treatment, the line connected by square represents urge unnary 
incontinence obtained for an immediate release dosage form, and the l.ne 
connected with dark circles depicts urge urinary incontinence obtained by the 
sustained release dosage form of the invention. In Figure 1 , the express.on 
"U-UI" means urge urinary incontinence, visit day denotes the days the 
patient visited the clinic and the dose level denotes the mg of oxybutynin 
delivered by the dosage form on that day, "SR" refers to sustained release 
dosage form and "IR" refers to immediate release dosage form. As expected 
and shown in Figure 1 , placebo treatment has really no effect on urge urinary 
incontinence episodes. Whereas following both sustained release and 
immediate release treatment the number of urge urinary incontinence 
episodes decrease. Figure 2 depicts the effect produced by the administered 
drug In this case higher the decrease better the efficacy. In Figure 2, the 
solid line which is the decrease in urge urinary incontinence from baseline for 
the placebo treatment subtracted from the decrease in urge urinary 
incontinence from baseline for the sustained release dosage form and the 
dash line which is the.decrease in urge urinary incontinence from baseline for 
the placebo treatment subtracted from decrease in urge urinary incontinence 
« from baseline for the immediate release dosage form. Figure 2 shows the 
29 unexpected greater effect in urge urinary incontinence episodes for susta.ned 
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t release dosage fomrcompared to the immediate release dosage form. 
Figure 3 depicts the incidence of dry mouth following the administration of 
placebo, sustained release oxybutynin dosage forms and immediate release 
oxybutynin dosage forms. In the Figure "SR» refers to sustained release 
dosage form and "IR» refers to immediate release dosage form, clean area 
denotes the probability of absence of dry mouth relief, lines slanted left 
denote the probability of mild dry mouth, crossed lines denotes the probability 
of severe dry mouth for the administered dose of dry mouth. Figure 4 is a 
representation of the therapeutic index comparison between the sustained 
release dosage form and the immediate release oxybutynin dosage form. 
The therapeutic index is the dose or concentration range within which 
optimum therapy with minimum toxicity i.e. successful therapy is achieved. It 
can be evaluated as the relative position of the dose vs. efficacy (urge urinary 
incontinence in this case) and dose vs. toxicity (dry mouth in this case) curve. 
Both the dose vs. urge urinary incontinence curve and the dose vs. dry mouth 
curve is presented in Figure 4. The broad continuous dark line presents the 
dose vs. urge urinary incontinence relationship for sustained release dosage 
form and the narrow continuous line presents the dose vs. urge urinary 
incontinence relationship for immediate release dosage form; the broken dark 
line represents the occurrence of dry mouth for the sustained release dosage 
form and the broken narrow line represents the occurrence of dry mouth for 
the immediate release dosage form. The heavy longer dark double pointed 
arrow depicts the unexpected greater separation for the dose vs. urge unnary 
incontinence curve and the dose vs. dry mouth curve for the sustained 
release dosage form compared to the small double pointed arrow for the 
immediate release dosage form. This teaches that the therapeutic index » 

27 wider for the sustained release dosage form as compared to immediate 

28 release dosage form. 
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The once-daily delivery system provided by this invention maintains an 
essentially flat concentration thr oughout the dosing duration of 24 hou rs, as 
seen by the absence of peak-tb^rough^^ whereas peak-to-trough 
fluctuation are seen with the multiple daily administration of the immediate 
release dosage form, as depicted in accompanying Figure 5. 

Figure 5 depicts the mean plasma oxybutynin concentration, in ng/mL, 
steady state on day 4, for an immediate release, IR, dosage form and a 
sustained release, SR, dosage form. 

The delivery system provided by this invention maintains its chem.cal 
and physical integrity in a gastrointestinal environment and general.y reaches 
the colo wit hin 3 to 5 hours after oral administratio n. For some drugs, 
metabolic activity is higher* the duodendumand jejunum and decreases .n 
the ileum and colon and for some drugs other anti-transport are more 
prevalent in the colon. The physiological disposition of a drug and its 
metabolites can depend on the gastrointestinal site of absorption. The clm.cal 
studies made available by this invention demonstrated unexpectedly a 
decrease in oxybutynin metabolism when administered by the sustained 
release dosage form of the invention. Following the administration of 
oxybutynin chloride according to the mode and manner of the invention, the 
relative bioavailability is higher for the drug, combined R+S (racemic) 
oxybutynin (153%) and also for the individual R- and S- enantiomers of 
oxybutynin (156% and 187%, respectively) compared to immediate release 
dosage form (base of 1 00%); the relative bioavailability is lower for the 
metabolite, combined R + S (racemic) desethyloxybutynin (69%) and also for 
the individual R- and S- enantiomers of desethyloxybutynin (73% and 92%, 
respectively) compared to immediate release dosage form (base of 100%). 
The relative bioavailability is defined as the following ratio, wherein the 
Relative Bioavailability for SR = [Total AUC inf (SR) + Dose(SR)] / Total 
AUCJIR) +Dose(IR)] where AUC inf (SR) is the area under the plasma 
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x rfl i Da e P dosaae form and AUC, nf (IR) is 
-wasmorethantwiceth^^^^ 

T" TJTSiS^ -evl, hoth drug and the 
effects (Massed et, J Urol 1992 ^ 

(Wa,decK e. al. J Urrt 9 7 

12 dosing within a day, the peaK g suaaests that with a zero- 

22 ob8 erved when ta k en after a meai as n concentration 

does no, affec, the manner in "^ another deiivery product for 
release dosage form of the invention. Whereas, 

oxyb utyn,n reported by (LuKKari e, a,, Eur J Pharmaco,. 1996, SO-221 223. 



25 

26 

27 

28 

29 



ARC 2863 R1 



34 



5 
6 
7 
8 
9 



12 
13 
14 



Lukkari e« ai, 1997; 81:31-34; Nilsson - a,. Neuro, ^^.1997^3 -542, 
has propel very different from ft. sustained release dosage form of ft. 
invention. The prior art product is a matrix tabie. from which the drug ,s 
re ,eased by a firs, order process with about 50% released ,n 4 hours. The 
rel a«ve oxybutynin bioavailabilHy for the product is similar (a PP rox,ma,e,y . 
t% toltLe immediate release product (base 100%, and the re^ve 

oav liability of the metabolite desethyloxybutynin is lower (approx.ma, ly 
6 :%, as compared to immediate release product (base The- . 

( J g AUG / metabolite AUG) for the product was only sUghtly h.gher (0.1 3, as 
, 0 Spared to ,R oxybutynin (0.09,. Add„ona„y, when the prior art produ ,s 
l P n after meals the peaK oxybutynin (a, ng/mL, and «^°^ 9 
concentration (75.5 ng/mL) are two times higher as compared to the fastmg 
17(2.8 ng,mL and 39.5 ng,mL. for oxybutynin and desethyloxybutyn.n 
respeLly). That is, the prior ar, delWery product loses the susta.ned 
„ release property when taken with meals. 

The sustained release dosage form of the inven„on was further 
evaluated in safety and efficacy studies and compared to 
s The data from this study was modeled and a dose vs. .herapeu,,c effe (urge 
urtn ary incontinence, re,a«onship and a dose vs. side effect (dry mouth) 
r e,atiLhipwases,ab,ished. ^^^^^^Ly 
2 , modeling analysis shows a .end towards higher decrease ,n the urge ur nary 
incontinence episodes for the sustained release dosage form comp u^o 

23 immediate reiease dosage form. The d^ mouth modeling ana,ys,s shows 

24 that the probability of <hy mouth is higher for the immediate release as 
compared to the sustained release dosage form of this invention. A 
fterapeufic index was obtained for the clinica, study by comb,n,n 8 the dose 
versus the urge urinary incontinence relationship and the dose versus dry 
m0U .h relationship. The therapeutic index is defined as the dose o, 
concentration range within which opfimum therapy with minimum toxicty ,.e. 
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success*, therapy is achieved. ,. can he evaluated as the re,a.,ve pos,.,on of 
the dose vs. efficacy (urge urinary incontinence in this case) and dose vs. 
toxicity (dry mouth in this case) curve. The sustained reiease dosage form of 
,n,s invention was shown to have an increased therapeutic index (wider 
separation between the dose vs. urge urina^ incontinence curve and dose 
vs dry moum cuwe) as compared to the immediate release dosage form, as 
seen in Figure 4. In two additional clinical trials, a SR was administered ,n 
doses up to and comprising 30 mg/day which was efficacious in reducng 
urge urinary incontinence and was well-tolerated with respect to 
anticholinergic side-effects and especially dry mouth. 

,n conclusion, the sustained release dosage form of this ,nvent,on, the 
oxybutynin plasma concentrations are maintained constant avoiding the rap.d 
rise and peak concentration seen with immediate release oxybutyn.n, the 
metabolism of the drug is reduced grving rise to higher oxybutynin 
Nonliability compared to immediate release oxybutynin and the sustained 
plasma concentrations are not affected by meals taken with the drug. F.nally, 
„ the sustained release dosage form of this invention has anjncreasei. 
„ therape utic index as compare d to immediate release oxybutymn. 

- e dosage form ^dThe oxybutynin composition of this invents, as 

seen from the above disclosure, can be used in a method for administering a 
drug by the oral route, and, in another method, the dosage form and 
composition can be sized and shaped for administering a drug by the 
sublingual and buccal routes. The subiingua, and buccal routes can be used 
for quicker therapy, and they can be used when a smaller dose of drug ,s 
needed for immediate therapy. The latter routes can be used as a by-pass of 
the first pass of hepatic metabolism of the drug. 

In summary, it will be appreciated that the present irivent,on 
contributes to the art an unobvious dosage form that possesses pract,cal 
utiWy can administer a drug at a dose-metered release rate pet unit t,me. 
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. u w.on HPscribed and pointed out in detail with 
While the invention has been descnoea anu H 

Zll * operative embodiments thereof, it wii, be understood by those 
ST* *e art mat various chanoes, mediations, substitutes and 

.an be made without departing from the spirit of the ,nvent,on. U . 

omissions can be made wnn v equlv alents within the 

intended, therefore, that the invent,on embrace those equ 

scope of the application. 



